'The cleansing water' or 'Your natural source of youth'. Water consumption has also been promoted as a harm reduction measure in drug prevention projects in party settings. For example, drug users at dance events are advised to drink water to prevent dehydration [1] . In the Netherlands, a recent outreach prevention project involved the provision of bottles of water to partying people in bars in order to decrease alcohol use. The rationale for this project is that water consumption increases satiety and will therefore decrease alcohol consumption.
'The cleansing water' or 'Your natural source of youth'. Water consumption has also been promoted as a harm reduction measure in drug prevention projects in party settings. For example, drug users at dance events are advised to drink water to prevent dehydration [1] . In the Netherlands, a recent outreach prevention project involved the provision of bottles of water to partying people in bars in order to decrease alcohol use. The rationale for this project is that water consumption increases satiety and will therefore decrease alcohol consumption.
However, there is no apparent evidence for the benefits attributed to increased water consumption [2, 3] . Moreover, the effects of combining water with a substance like alcohol are unclear and may even be detrimental if people assume that increased water intake can promote clearance of toxins from the body [4] [5] [6] . When combining alcohol, i.e. a toxin, with water, this belief about clearance of toxins might lead to the perception that one's intoxication level is lower than it actually is. Importantly, perceptions of one's intoxication level determine judgments about one's overall level of functioning after alcohol use [7] . The dominant finding of research on drinkers' selfevaluations of intoxication is that people tend to be poor estimators of their level of intoxication [8, 9] and this, in turn, could affect subsequent driving behavior [10] . Thus, depending on drinkers' personal perceptions of their intoxication level, they might engage in risky behavior such as driving under influence. 22 We propose that water beliefs might moderate this process by amplifying the underestimation of intoxication, leading to increased risk behavior. Although this topic has received little attention in previous research, a recent study by Fillmore et al. [8] corroborates this hypothesis. Testing the impact of expectations about caffeine on alcohol-induced impairment, Fillmore et al. [8] showed that groups expecting caffeine antagonism anticipated less impairment from an alcohol-caffeine combination but, ironically, showed greater impairment on a psychomotor task than those expecting no counteraction. This suggests that expectations about counteracting effects of caffeine lead to decreased compensation for the impairing impact of alcohol use on performance. Thus, subjects display higher levels of impairment after using alcohol and another substance if this other substance is expected to attenuate alcohol-related behavioral impairment. This might also hold for the combined use of alcohol and water. Because of the cleansing image of water, people might assume that drinking water will counteract the effects of alcohol, leading to biased self-perceived intoxication levels that subsequently affect behavior.
One area in which alcohol induced-impairment poses a real danger is traffic. According to previous research, alcohol is the most important human factor contributing to the occurrence of severe automobile crashes [11] . Ample studies have demonstrated the impact of alcohol use on driving tasks such as lane keeping, brake latency and hazard perception [12, 13] and on the willingness to engage in high-risk situations [14] . Especially young drivers are at risk since they are both inexperienced drivers and relatively inexperienced drinkers. The latter increases their risk of having an accident involving alcohol consumption [15] [16] [17] . Prior accident involvement, in turn, is related to subsequent accident involvement [18] and indicative of being a high-risk driver [19] . Possibly, highrisk drivers are more prone to the effects of water since believing in the antagonistic effect of water justifies engagement in potentially dangerous behaviors. Hence, accident involvement was taken into account when examining the effect of water.
The present study was aimed at testing the effects of the combined use of alcohol and water. For this purpose, we used an alcohol administration paradigm in an experimental design with a simulated driving task. Our aim was twofold; examining the impact of drinking water in combination with alcohol on driving-related cognitions, and its impact on driving performance during a simulated driving task. Since women generally consume more water than men [20] and our pilot data showed stronger beliefs about the cleansing effect of water in women, we assumed that they might be more susceptible to its effects. This study was therefore conducted on female participants. It was expected that women who combined water and alcohol would underestimate their intoxication level and would show more favorable driving cognitions and increased risk-behavior during a driving task, compared with women who only drank alcohol. Prior accident involvement was expected to moderate these relationships in such a way that the risk-increasing effect of water would be especially present in women who had been previously involved in an accident.
Method
We first examined whether people really endorsed the belief that water cleanses the body from toxins in a sample of 42 college students (12 men, 30 women). In general, people agreed with this proposition (mean = 4.90, SD = 1.12, range = 1-6). Moreover, an ANOVA showed that women tended to have stronger beliefs in the purifying properties of water (mean = 5. 
Participants
Eighty-three female college students were recruited by posters on the campus and a message posted on an online participant platform. Since knowledge of the actual purpose of the study could influence the results, participants were led to believe that the study was about the effects of alcohol on driving performance. The actual purpose was, of course, to examine the effects of water combined with alcohol on driving cognitions and behavior.
Since the legal age for drinking hard liquor and for driving is 18 in the Netherlands, participants had to be 18 or older. Other inclusion criteria were: a driver's license for 1-5 years and consumption of at least 2 alcoholic drinks per week. Four participants experienced sickness during the test drive and were consequently unable to proceed. Five participants were excluded from the analyses because they reported not to believe they consumed alcohol. The final sample consisted of 74 females aged 19-25 years (mean = 21.85, SD = 1.54). They drank an average of 8.5 standard alcoholic drinks per week (SD = 5.78). Participants had had their driver's license on average for 34.3 months (SD = 15.41) and drove on average 1-3 times a month.
Procedure
The experiment had a 2 (alcohol or placebo) ! 2 (water or no water) between-subject controlled placebo design. Participants were randomly assigned, each receiving a cocktail with a different content depending on which group they were in. Subjects in the alcohol conditions received a cocktail containing tonic and vodka (40% alcohol by volume, mixture of 4: 1) that produced a blood alcohol content (BAC) of 0.03 mg/l (BAC at T 2 : mean = 0.03 mg/l, SD = 0.01; BAC at T 3 : mean = 0.02 mg/l, SD = 0.01). As a reference, the statutory limit for novice drivers in the Netherlands is 0.02 mg/l. Exact alcohol doses were determined by using the for-mula described by Deitrich and Palmer [21] , taking weight and sex into account. Participants in the placebo conditions drank a cocktail containing an equivalent amount of tonic, poured out of a vodka bottle. Moreover, olfactory cues were produced by putting vodka and a lemon piece soaked in vodka on the rim of the glass. The cocktail also contained two drops of Tabasco to create a warm sensation similar to the sensation of alcohol when it is consumed. The procedure of this study was judged and approved by the ethical committee.
Upon arrival in the laboratory, participants filled out a medical checklist and signed the informed consent form. Participants were excluded if they reported physical or psychological problems, current use of drugs or medications, pregnancy, or breastfeeding. Since participants were instructed to start the experiment sober, sobriety was checked using a breathalyzer. To test simulator sickness, we invited participants to perform a 3-min test drive through a city area which contained no complicated traffic situations. Simulator sickness is caused by the incongruence between the visual system experiencing motion and the driver remaining stationary. Symptoms are nausea, disorientation and ocular problems [22] . Four participants experienced sickness during the test drive and were consequently unable to proceed. All others were invited to go to another room, where they filled out the first part of the questionnaire.
After completion, participants were requested to drink a large cocktail (400 ml) which either contained alcohol and tonic or just tonic in 10 min. The consumption of this cocktail was followed by a manipulation check, i.e. a single question asking participants how many standard alcohol drinks they thought their cocktail contained. Answers could be given on an 8-point scale (range = 0-7). Then participants had to wait for 20 min in order to let the alcohol be taken up by their body. Participants in the water conditions received a bottle containing 0.5 liter of still mineral water (Spa) and were asked to drink it while waiting. After 20 min, the researcher returned and asked the participant to fill out the second part of the questionnaire. After completion, BAC was measured and participants were taken to the driving simulator. They were instructed to drive as they would normally do and were left alone to perform the task. When participants finished, they filled out the third part of the questionnaire. Finally, participants were thanked and received EUR 15 or 1.5 course credit.
Apparatus and Materials
Driver's experience was measured by four questions, i.e. driving frequency in the past year, duration (in months) of driver's license, and whether and how often they had been involved in a car accident inflicting damage or had driven a car while being intoxicated.
Alcohol use was measured by the Quantity Frequency Variability (QFV) method, which consists of five questions asking how many week and weekend days participants had consumed alcohol in the past 4 weeks (F) and how many glasses participants on average had drunk on these week and weekend days (Q). The fifth question asked participants whether they had ever drunk 4 or more glasses in 1 day during the past 6 months (V) [23] . Scores for quantity and frequency were computed by multiplying the number of days with the number of drinks consumed on weekend days (Friday to Sunday) and adding this to the multiplication of days and number of drinks on weekdays (Monday to Thursday). Variability scores were used as a measure of binge drinking.
Perceived level of intoxication was measured using two visual analogue scales: (1) 'To what extent do you feel intoxicated at this very moment?'; (2) 'To what extent do you think that your overall functioning at this very moment is influenced by the alcohol you drank?'. The scales consisted of a 100-mm horizontal line, the left end indicating 'not at all' and the right end indicating 'very much'. Participants indicated their perceived level of intoxication by placing a mark on the line at the point that fitted their feeling [8] . Scores ranged from 0 to 100. Since both items were highly correlated (r = 0.84, p ! 0.01), we computed the average score of both questions to determine overall perceived intoxication level.
Driving-related cognitions were also measured using two visual analogue scales assessing ability and willingness to drive: (1) 'To what extent do you think you are able to drive a car safely at this very moment?'; (2) 'Suppose you had to drive a real car at this very moment; how willing to drive would you be?' [8] .
Vehicle handling and driving performance were measured when participants performed a 25-min task in a fixed-base driving simulator consisting of a cockpit including steering wheel, indicators, seatbelt and pedals. The cockpit was surrounded by three 50-in plasma screens which covered a 210° view horizontally and 41° vertically. The simulation software simulated autonomic and interactive traffic, creating a natural traffic environment. The simulator and its software were used in other studies and proved to be valid for assessing driving behavior [24, 25] . During the ride, participants encountered situations in urban, rural and highway areas in which their response was measured. Gap acceptance, the time headway between two vehicles into which a driver chooses to turn, was assessed while participants turned left on a road with upcoming traffic [24, 26] . In addition, participants' response to a traffic light turning orange was assessed [27] . To measure participants' reaction on a sudden incident, fog appeared while driving on the motorway. During this incident, minimum speed was measured. To assess vehicle handling, speed and lateral position were measured constantly during the driving task. Previous research has shown that measures like these are sensitive to the effects of drug use in general [24] and alcohol in particular [28] .
BACs were determined from breath samples using a Lion SD-400 breath analyzer.
Confounding variables such as thirst and craving for alcohol were measured using visual analogue scales. To measure a subject's belief about water, participants reported how strongly they agreed with the propositions 'Drinking water cleanses the body', 'Drinking water reduces the effect of alcohol, so drinking water will make you less drunk' and 'Drinking water at the end of a night out makes you sober up faster' on a 6-point scale (1 = 'Strongly disagree' to 6 = 'Strongly agree'). Lastly, participants also completed the Domain Specific Risk Taking (Adult) Scale [29] .
Results
Data were analyzed by conducting analyses of variance (ANOVA), covariance (ANCOVA) and logistic regressions. An issue with visual analogue scales is that they tend to be skewed and flat and thus do not meet the prerequisites of ANOVA for normally distributed variables. In the present study, these scales were indeed moderately skewed (range of the scales varied between -0.17 and 1.37; kurtosis varied between -1.12 and 1.18). However, ANOVA is quite robust to violations of this assumption if true randomization has occurred and group sizes are about equal [30] , which both were true for the present study. To confirm the accuracy of our results, we also performed nonparametric tests. These tests showed identical outcomes.
Overall, participants in the placebo conditions believed they consumed alcohol as they all reported that their cocktail contained one or more glasses of alcohol. After 30 min, 68.6% of all participants reported feeling at least slightly intoxicated (10 points or more on a 100-point visual analogue scale), even though they did not consume alcohol. The remaining 31.4% reported almost no feelings of intoxication (score ! 10).
As shown in table 1 , randomization was successful; no differences between the four conditions were found on possible confounders such as alcohol use or water beliefs. Overall, participants endorsed the purifying properties of water: 63.5% believed that drinking water reduced the effect of alcohol, 54.1% believed that water made you sober up faster, and 93.2% believed that water cleansed the body.
Perceived Level of Intoxication
An ANOVA showed a main effect of alcohol on perceived intoxication level [F(1,70) = 39.14, p ! 0.01, 2 = 0.37]. Women in the alcohol conditions perceived themselves as more intoxicated (mean = 55.68, SD = 20.01) than women in the placebo conditions (mean = 26.07, SD = 20.04). Neither a main effect of water, nor an interaction effect between alcohol and water on the perceived intoxication levels was found.
Driving-Related Cognitions
We tested effects of the combined use of alcohol and water on driving cognitions, i.e. willingness to drive and ability to drive. An ANOVA revealed an effect of alcohol on the perceived ability to drive before entering the driving simulator [F(1,70) = 11.43, p ! 0.01, 2 = 0.14]. Women in the alcohol conditions perceived themselves as being less able to drive a car safely (mean = 39.23, SD = 23.38) than women in the placebo conditions (mean = 59.31, SD = 26.87). The same effect was found after women had driven in the driving simulator [F(1,70) = 9.44, p ! 0.01, 2 = 0.12]. Neither a main effect of water, nor a two-way interaction between water and alcohol on the perceived ability to drive was found before or after driving.
In addition, an ANOVA showed an effect of alcohol on the willingness to drive before driving [F(1,70) = 11.68, p ! 0.01, 2 = 0.14]. Women in the alcohol conditions were less willing to drive a car (mean = 16. One -way ANOVAs were used to test the differences between groups; they showed no significant results (p > 0.05). Another interaction between alcohol, water and accident involvement on the willingness to drive was found after driving [F(1,66) = 7.47, p = 0.01, 2 = 0.10]. The effect of water was only present in women in the placebo condition who had previously been involved in an accident. These women were more willing to drive ( fig. 3 ) . No effects were demonstrated for women in the alcohol conditions or women without a history of accident involvement.
Effects of Water on Driving

Vehicle Handling and Driving Performance
Vehicle handling was assessed using two measures, i.e. lateral position and speed. We included average speed as Willingness to drive after performing a simulated driving task as a function of water intake, alcohol use and previous accident involvement. a covariate since average speed can affect lateral position and its relationship with other variables. Neither main effects of alcohol and water, average speed, nor a two-way interaction between alcohol and water on participants' average lateral position, standard deviation of lateral position (swerving), or average speed were found.
Driving performance was measured using three scenarios. An ANOVA revealed an effect of alcohol on gap acceptance shown in the first scenario [F(1,70) 
Discussion
This study examined the effect of the combined use of alcohol and water on driving-related cognitions and behavior during a simulated driving task. We hypothesized that combining alcohol and water could lead to the underestimation of women's perceived intoxication level and would therefore lead to more favorable driving cognitions, resulting in increased risk behavior. Our data did not confirm this hypothesis; drinking water did not affect perceived intoxication level, driving cognitions or driving behavior in women who had consumed alcohol. Surprisingly, water consumption did affect participants' driving speed irrespective of whether they had received alcohol or a placebo. Moreover, in the placebo conditions, water consumption increased women's perceived ability and willingness to drive, but only for those with a history of accident involvement.
Overall, our findings indicate that the combined use of water and alcohol does not influence women's risk cognitions and behaviors. Women who drank alcohol and water did not show lower perceived intoxication levels or increased willingness or ability to drive a car than women who only drank alcohol. Moreover, when actually driving a car, they did not perform worse than intoxicated women who did not drink water. Hence, expectations about the antagonistic effect of water did not have the same detrimental effect as caffeine in the study by Fillmore et al. [8] . This is good news, especially for current outreach prevention projects involving the provision of water. In these projects, water consumption is promoted to people in bars since drinking water increases satiety and thereby decreases alcohol consumption. In the absence of clear counterproductive effects, the combined use of water and alcohol might be a promising strategy to limit one's alcohol use.
Furthermore, results showed that women who had consumed alcohol demonstrated realistic cognitions about their own functioning irrespective of whether they had combined their alcohol use with water or not. Women in the alcohol conditions perceived themselves as more intoxicated, less able to drive a car safely and were less willing to drive a car compared with women in the placebo conditions. As demonstrated in earlier research and in line with their expectations, their driving performance was indeed worse compared with the driving behavior of women in the placebo conditions. Thus, women were well aware of the impact of alcohol and therefore reported to be unwilling and unable to drive a car. The fact that young adult women make accurate estimations about the impact of alcohol on their driving behavior and consequently are less willing to drive is important for policy makers and prevention workers. Of course, this finding may not account for all women since this study sample consisted only of highly educated females.
Interestingly, drinking water affected the minimum speed driven after a sudden incident by participants irrespective of whether they had received alcohol or placebo. This finding seems to indicate that water is in some way able to affect people's cognitions and behavior. An influence might have been exerted through the beliefs people have about water; the majority of women in this study endorsed the purifying properties of water. However, one third of the participants reported not to believe that drinking water reduces the effect of alcohol, and nearly half of all participants did not believe that water makes people sober up faster. Although water beliefs were controlled for in the analyses and no differences were found between groups, this matter still needs to be clarified in further research.
Surprisingly, results also showed that driving cognitions and behavior of women in the placebo conditions with a history of accident involvement were affected by water intake. Women in the placebo conditions with a history of accident involvement who drank water demonstrated a firmer belief in their ability to drive a car safely after supposed alcohol intake compared with those who did not drink water. This belief was also represented in the findings concerning the reported willingness to drive. Women in the placebo conditions who drank water and had been involved in an accident were more willing to drive compared with women who drank water but had not been involved in an accident. Thus, drinking water seems to increase the willingness to engage in risky behavior in women with a history of accident involvement. Unfortunately, it is unclear how this unexpected association between accident involvement and water intake in the placebo condition should be interpreted since it is well possible that the interactions we found between water consumption and accident involvement were caused by a residual confounder.
For future research, several suggestions can be made. First, the effects of drinking water on men's cognitions and behavior should be examined. Although women who drank alcohol were not affected by water intake, water may have a different impact on males; men show higher levels of risk taking and alcohol use than women [26, [31] [32] [33] , which may alter the effect of water on their cognitions and behavior. Future research should also gain insight into the variable causing the apparent association between water consumption and accident involvement. Furthermore, future studies should more closely examine people's beliefs concerning water; why are these beliefs endorsed by some people and not by others and whether these beliefs have an impact on other (risk) behaviors? Future research could also focus on testing the effect of water in a naturalistic setting (e.g. providing water in bars) to assess to what extent these experimental results translate into real life. Lastly, the effect of water in other samples than college students could be addressed by future studies.
One important limitation of this study is that consumption was not dosed by participants themselves in a natural drinking setting. Therefore, no statements can be made regarding the ecological validity of our findings. Moreover, the fact that one third of all participants in the placebo conditions reported to feel almost no symptoms of intoxication may have influenced our results. Thirdly, sample sizes in three-way interactions were somewhat narrow and might reflect outlier effects. Although exploration of the data showed no such indications, studies incorporating larger samples should further examine this matter. Finally, the bogus purpose of the study (i.e. the effects of alcohol on driving performance) might have influenced participants' responses.
In spite of these limitations, this study points out that young adult females who drank alcohol have realistic and accurate cognitions about their own functioning related to driving. Beliefs about water do not seem to influence their cognitions or behavior. Apparently lacking a counterproductive effect, providing water could be a promising way of limiting alcohol intake among young adults.
